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Beta-2 microglobulin clearance in neonates: Index of tubular matura-
tion. Serum and urinary beta 2-microglobulin (J32M) were studied by
enzyme immunoassay in 28 normal neonates at day 1 and day 4 of life
in relation to gestational age (GA) and postnatal age (PNA). The infants
were grouped according to GA; 10 with GA ranging from 32 to 35 weeks
(mean 33.5 weeks) and 18 with GA ranging from 36 to 41 weeks (mean
38.3 weeks). Serum f32M varied directly with both GA and PNA. When
values for serum f32M were related to conceptional age (CA), a
significant positive correlation was present for all the infants studied (r
= 0.68, P < 0.01). Fractional excretion of f32M (FEP2M) decreased as a
function of both GA and PNA. When a comparison of FE$2M was made
in infants of all CA, a significant inverse correlation was noted for
infants with CA 35 weeks (r =
—0.89, P < 0.001). The fall in FEa2M
reached a plateau by 36 weeks. The highest FE,M (33%) was observed
in infants of 32 weeks CA who had the lowest filtered /3,M (F$2M). No
statistically significant relationship between changes in FE,2M and
fractional urine flow rate was observed within each of the CA categories
(infants  35 weeks, r = 0.21, P = 0.28; infants  36 weeks, r = 0.25,
P = 0.18). These studies suggest that glomerulotubular balance for /32M
is established by CA of 35 weeks, and that FEp2M can be used as a
marker to assess the renal tubular maturation in the human neonate.
Clearance de Ia beta-2.microglubuline chez des nouveaux-nés: Un index
de maturation tubulaire. La beta-2-microglobuline (132M) sérique et
urinaire a ëtudiëe par dosage immunoenzymatique chez 20 nouveaux-
nés normaux au jour I et au jour 4 de vie, en relation avec l'age
gestationnel (GA) et l'âge post-natal (PNA). Les nouveaux-nés ont été
groupés en fonction de GA; 10 dont GA était compris entre 32 et 35
semaines (moyenne 33,5 semaines) et 18 dont GA était compris entre 36
et 41 semaines (moyenne 38,3 semaines). La f32M serique variait
directement avec GA et PNA. Lorsque les valeurs de /32M sérique
étaient reliées a l'âge conceptuel (CA), une correlation positive signif-
icative était présente chez tous les nouveaux-nés étudiés (r = 0,68, P <
0,01). L'excrétion fractionnelle de f32M (FEP2M) diminuait en fonction
de GA et de PNA. Lorsqu'une comparaison de FE,M était entreprise
chez des enfants de tout CA, une correlation inverse significative était
trouvée chez les nouveaux-neés de CA 35 semaines (r = 0,89, P <
0,001). La chute de FEM atteignait un plateau a 36 semaines. FEp2M Ia
plus élevée (33%) ëtait observée chez les nouveaux-nés de 32 semaines
de CA qui avaient Ia /32M filtrée (F2M) la plus faible. Aucune relation
statistiquement significative entre les changements de FE/32M et le debit
urinaire fractionné n'était observée a l'intérieur de chaque catégorie de
CA (nouveaux-nés 35 semaines, r = 0,21, P = 0,28; nouveaux-nés
36 semaines, r =
—0,25, P = 0,18). Ces etudes suggerent que Ia balance
glomerulo-tubulaire pour Ia /32M est établie vers un CA de 35 semaines
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et que FEI32M peut être utilisée comme marqueur pour évaluer Ia
maturation tubulaire renale chez le nouveau-ne humain.
Early detection of abnormal renal function in the sick neonate
requires that the level of renal function be estimated accurately
in a period of rapid maturational changes [1-4]. Plasma creati-
nine [5] and endogenous creatinine clearance (Ccr) [6, 7] remain
the most widely used estimates of glomerular function in
clinical practice despite methodology [8] and technical prob-
lems of urine collection. Fractional sodium excretion (FENa),
used commonly to estimate renal tubular function in neonates
[9, 10], also may be elevated falsely if a large sodium load is
administered or if diuretics are given prior to its administration
[11]. Thus, it should be desirable to have an alternative test less
influenced by such sources of error, yet capable of detecting
minor degrees of renal impairment in the neonatal period. In
recent years, much progress concerning renal functional matu-
ration has been made by studying beta 2-microglobulin (/32M) in
human neonates [12—15]. f32M is a small molecular weight
protein (11800 daltons) with a Stokes radius of 16 A that
constitutes part of the histocompatibility antigens on cell mem-
branes and is freed into body fluid after dissociation from them
[15]. It filters readily through the glomerular capillary wall, with
99% being reabsorbed and catabolized in the proximal tubules
and with virtually no return of the filtered protein to the
circulation [16—18].
Previous reports of the human neonate have suggested that
glomerulotubular balance for J32M occurs after 34 weeks con-
ceptional age. Fractional tubular reabsorption of /32M (Tp,M)
has been suggested as a useful predictor of renal tubular
maturation in the human kidney [12, 13]. In a more recent study
of renal function in the human neonate, Engle and Arant [19]
reported that TP2M might be influenced by factors other than
CA. These authors interpreted their findings that TP2M may not
be a reliable predictor of renal tubular maturation in the human
neonate, thus rejecting the hypothesis that glomerulotubular
imbalance for /32M exists in infants with CA less than 35 weeks.
To help clarify the discrepancy between the observations
made by Engle et al and those reported by Aperia et al, the
present study was designed to investigate the renal handling of
132M in a group of healthy newborn infants, to examine if the
glomerulotubular imbalance exists for /32M in premature in-
fants, and to find out if other factors in addition to tubular
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maturation may influence the renal handling of f32M in the
newborn kidney.
Methods
Renal handling of f32M was studied in 28 healthy newborn
infants at day 1 and day 4 of age to observe the effects of
gestational age (GA) and postnatal age (PNA) on renal func-
tional maturation. The infants were grouped according to ges-
tational age (GA): 10 infants with mean GA of 33.5 weeks
(range, 32 to 35 weeks) and birth weight of 1350 310 g, and 18
infants with mean GA of 38.3 weeks (range, 36 to 41 weeks) and
birth weight of 3105 211 g. The GA was estimated from the
menstrual history of the mother and from examination of the
infants using the criteria of Dubowitz [20]. All infants with GA
35 weeks were kept in incubators in an optimal thermal
environment. More mature infants were nursed in bassinets.
The postnatal course was uncomplicated for all infants during
the study period. None had respiratory distress, septicemia,
edema, or hyperbilirubinemia requiring phototherapy. All neo-
nates were begun on formula feeding by the age of 12 hr.
Feedings were given ad libitum every 4 hr, providing an average
fluid intake of 110 (range, 100 to 125) mI/kg/day. Two of these
infants were nursed by their mothers after the second day of
life. The studies were performed after parental informed con-
sent was obtained. The protocols of the study were approved by
the Institutional Review Committee, the University of Illinois
Health Sciences Center at Chicago.
Accurately timed urine collections (4 to 6 hr) were obtained
from each infant by means of a plastic bag in the following
manner. When the infant was noted to void, the time was
recorded and the plastic bag was applied over the external
genitalia in a standard fashion. Manual suprapubic pressure was
applied at the end of the timed collection to ensure that the
collection was as complete as possible. Leakage of urine from
the collecting device was a criterion for terminating the study of
that infant. If the urine pH was less than 6.0, an aliquot of urine
to be used for /32M determination was alkalinized to a pH
greater than 6 by the addition of sodium hydroxide [21]. This
was necessary only in four (7%) specimens. Two to 3 hr after
the urine collection was started, 2 ml of capillary blood were
obtained by heelstick and centrifuged immediately. Urine and
serum were then frozen and stored at —20°C until analyzed. All
specimens were tested within 3 weeks of storage.
Creatinine was analyzed in serum and urine using a kinetic
alkaline picrate method (Beckman Creatinine Analyzer 2,
Fullerton, California, USA) [22]. Glomerular filtration rate was
determined by endogenous creatinine clearance (Ce,-). Serum
and urine osmolality were determined by using a vapor pressure
osmometer (Wescor, Logan, Utah, USA). /32M was measured
in serum and urine by enzyme immunoassay (Phadezym /32-
micro test, Pharmacia Diagnostics, Piscataway, New Jersey,
USA). The renal clearances of creatinine and /3M were calcu-
lated by standard formula (U.V/P), where U stands for the
urinary concentration of the substance, V stands for the urinary
flow rate, and P stands for the plasma concentration of the
substance. Filtered /32M (F2M) was calculated as the product of
serum /32M (Sp2M) and Car. Fractional excretion of/32M (FE2M)
was derived from /32M clearance/Ccr. Fractional urine flow rate
was calculated using the following formula V/Car, where V
Table 1. Summary of data obtained at birtha
Gestational age, weeks
pb35 36
Postnatal age, day 1 1
N 10 18 —
SA, m2 0.13 .01 0.19 .01 <0.01
Body wt, g 1352 310 3105 232 <0.05
V, mI/mm 0.14 0.02 0.19 0.03 <0.05
Cr, mI/mm 2.42 0.71 3.35 0.20 <0.05
mI/min/J.73 m2 22.24 5.7 40.78 9.7 <0.01
SM, pg/ml 3.18 0.08 4.03 0.43 <0.01
FP2M, p.g/min 7.79 0.36 13.46 1.37 <0.01
U2MV, jig/mm 0.82 0.04 0.91 0.03 NS
FE/32M, %
V/Cr, %
10.33 1.23
5.62 0.40
6.37
5.69
0.13
0.25
<0.001
NS
Uoam, mOsm/kg 128 22.5 123 10.2 NS
Abbreviations are: SA, body surface area; V. urine flow rate; Ccr,
creatinine clearance; 5p2M serum beta 2-microglobulin; F2M, filtered
beta 2-microglobulin; U$2MV, urinary excretion of beta 2-micro-
globulin; V/Ccr, fractional urine flow rate; Uo,m, urinary osmolality.
a Results are mean SD.
b Unpaired t test.
NS means P> 0.05.
stands for urine flow rate. Body surface area was estimated
from body wt using Vaughn's formula [23].
The effects of storage at —20°C on /32M were tested by serial
measurements of j32M in aliquots of serum and urine obtained
from a normal pregnant woman. In examining the effect of
thawing/refreezing on /32M values, our data indicated that
serum f32M levels in a fresh specimen from a normal pregnant
woman was 1.8 jtg/ml and did not change on repetitive mea-
surements of frozen aliquots for up to 3 weeks of storage.
Urinary /32M values remained constant also at 2.3 jig/ml during
the same time period.
Statistical analysis of the results were performed by Stu-
dent's t test for paired and unpaired data. Correlation coeffi-
cients were determined with the least-square formula. P values
<0.05 were considered significant. All values are given as mean
standard deviation (SD).
Results
Summary of data for all infants studied at birth are presented
in Table 1. Cc(r =
—0.58, P <0.05), S2M (r = —0.74, P <0.01),
and FP2M (r = 0,82, P < 0.01) increased with GA. No correlation
was present between Ccr and SJJ2M (r =
—0.37, P = 0.28).
Urinary excretion of /32M (U$2MV) varied directly with GA (r
—0.47, P = 0.26). Although no overall correlation was present
between V/Ce,. and GA (r =
—0.23, P = 0.11), the lowest values
tended to be observed in the more mature infants. FEp2M varied
inversely with GA (r =
—0.95, P <0.001) and with F2M (r =
—0.65, P < 0.01). No statistically significant correlation was
observed between FE2M and V/C (r —0.31, P = 0.25).
Table 2 presents the summary of results in infants studied
serially at day 1 and day 4 of life. SP2M (r =
—0.53, P < 0.05) and
F2M (r = —0.51, P < 0.05) varied directly, but FEI32M (r =
—0.61, P < 0.01) varied inversely with advancing age in infants
whose GA were equal or less than 34 weeks. When GA was
equal to or greater than 36 weeks, no correlation was present
between FEI32M and increasing PNA (r =
—0.27, P = 0.62). The
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Infants 35 weeks gestation
pb
Infants  36 weeks gestation
pb
Postnatal age, days 1 4 1 4N 10 10 — 18 18 —
SA, m2 0.13 0.01 0.12 0.01 NS 0.19 .01 0.19 0.01 NS
Body wt, g 1352 310 1318 291 NS 3105 232 3096 189 NS
V, mI/mm 0.14 0.02 0.16 0.01 NS 0.19 0.03 0.22 0.05 NS
Cr, mI/mm 2.42 0.71 2.89 1.1 NS 3.35 1.20 3.81 1.31 NS
mi/mg/i .73 m2 22.24 5.7 25.59 6.1 NS 40.78 9.7 45.42 8.9 NS
Sg2M, jxg/mi 3.18 0.08 3.87 0.25 <0.05 4.03 0.43 4.92 0.81 <0.05
F2M, p.g/min 7.79 0.36 11.38 0.94 <0.05 13.46 1.37 18.10 2.10 <0.05
UP2MV, p.g/min 0.82 0.04 0.98 0.53 NS 0.91 0.03 0.99 0.05 NS
FE2M, %
V/Ccr, %
10.33
5.62
1.23
0.40
8.51 0.81
5.57 0.3
<0.05
NS
6.37
5.69
0.13
0.25
5.21
5.71
0.15
0.01
NS
NS
Uo,m, mOsm/kg 128 22.5 125 20.1 NS 123 10.2 124 11.3 NS
Abbreviations are the same as those used in Table I.
Results are mean SD.
b Paired t test.
NSmeans P  0.05.
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Fig. 1. Relation between serum beta 2-microgiobulin and conceptional
age in 56 healthy preterm and term infants studied at 1 and 4 days of
age. Symbols are: 0, day l •, day 4. r = 0.68, P < 0.01.
only significant differences were for S$,M (r = 0.56, P 0.05) and
F2M (r = 0.57, P < 0.05). When a comparison of SP2M was made
in infants of all conceptional age (gestational + postnatal) age
(CA), N = 56, day 1 and day 4 of life), a significant positive
correlation was observed (r = 0.68, P < 0.01) (Fig. 1). Simi-
larly, when values for FE$2M were related to CA (N = 56, day
1 and day 4 of life), a significant correlation was present for
infants less than or equal to 35 weeks gestation (r =
—0.89, P <
0.001), but no correlations were present when CA was equal or
greater than 36 weeks (r =
—0.31, P = 0.22). This relationship
is better analyzed in Figure 2; that is to say, the less mature the
subject, the higher the proportion of the filtered load not
0 no9O°
•••*•
_____________ I I I I I
38 40 42
Conceptional age, weeks
Fig 2. Relation between fractional beta 2-micro globulin excretion and
conceptional age in 56 healthy preterm and term infants studied at I
and4 days of age. Symbols are: 0, day 1 •, day 4;—, r = 0.89, P <
0.OOl;----,r=0.3l,P=NS.
reabsorbed proximally. No statistically significant relationship
between FE2M and VICr was observed within each of the CA
categories ( 35 weeks, r = —0.21, P = 0.28;  36 weeks, r =
—0.25, P = 0.18).
Discussion
This report studies renal tubular function in human neonates
using FEP2M as an index. Data suggest that FE/32M can be used
as a marker to assess the renal functional maturation in neo-
nates in the early days of life. Measuring FE42M may, therefore,
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be a useful test in the diagnosis of disorders involving the renal
tubular function during development.
The results of the present study demonstrate a linear increase
in Sp2M with increasing CA and an inverse correlation between
the FE,32M with increasing CA until 35 weeks of gestation. These
findings are consistent with those reported previously by Aperia
and Broberger [13, 141, but are in conflict with the recent
findings of Engle and Arant [19]. Engle and Arant reported that
SP2M varied inversely with CA. Our observations, as well as
those of other investigators [13, 141, suggest that Sp2M and CA
vary directly, Moreover, mean S2M concentration for preterm
infants in our study and in the study by Aperia and Broberger
[14] is consistently lower than the values reported by Engle and
Arant. Furthermore, FEP2M values for our infants, as well as the
infants studied by Aperia and Broberger, fell rather abruptly
after 35 weeks of gestation at a time when S2M level rose. This
did not occur in the study reported by Engle and Arant. There
was no significant correlation between FE,2M and V/Cc, in our
study. On the contrary, FE2M for all the infants studied by
Engle and Arant was related inversely to V/Ccr. Results for
V/Car in this study are also very much different from Engle's
report. First, the values for V/Ccr in our infants are lower than
the values in infants of comparable CA studies by Engle.
Second, the trend for V/Ccr is different in both studies; the
present results show no notable changes in V/Car, whereas
Engle showed a decrease ratio in more mature infants.
The discrepancy between the findings reported in our study
and in the study of Engle and Arant can be explained with a
number of reasons. Perhaps one of the most important reasons
for the discrepant findings is the diversity in the design of study
between the two reports. Infants of different body wt (710 to
4310 g) and gestational ages (26 to 42 weeks) were grouped
differently by Engle and Arant [19], and the infants were studied
at different postnatal ages (0.2 to 12 days). Since there are
significant differences in renal function between a 710 g preterm
and a 4310 g term infant at birth and because of the great
variability of renal functions during the first few days of life,
their results cannot be compared to ours. Furthermore, all the
neonates in our study, as well as in the study of Aperia and
Broberger [14], were orally fed, whereas the infants studied by
Engle and Arant were on various dietary regimens, including
intravenous fluid therapy, with several of them on a radiant
warmer. The daily fluid intake of 65 to 80 mI/kg in infants
reported by Engle and Arant would seem rather low, since the
preterm infants generally have high transepithelial water losses,
factors that might have accounted for the variance of the results
in their studies.
Variability in the design of study between the two reports
makes interpretation of data rather difficult. Dissimilar S2M
concentrations between the two studies are probably the most
likely cause for the different results. In light of our observations
that Sp2M concentrations varied directly with CA, it might be
expected that the infants studied by Engle and Arant [19] would
have had higher FE2M values than infants of comparable CA in
our study. On the contrary, nearly identical values for FE2M
were found between the two studies. FEP2M was 10.5 vs. 8.9%
in preterm and 5.4 vs. 5.8% in term infants. An alternate
explanation for the inverse relationship between S2M and CA in
Engle's study might have been the underestimation of Cc. in
preterm infants. In this case, S2M levels would be overesti-
mated. Cr in preterm infants studied by Engle and Arant were
about 40% of those found in infants of comparable CA in the
present study.
The findings of a significant positive correlation between S2M
levels and CA in the present study merits further comment.
Elevations in SP2M levels can be the result of decreased renal
clearance of f32M due to lower rate of glomerular filtration or
increased cellular production of the protein. Decreased renal
clearance of /32M cannot account for the higher Sp2M levels in
our study. As shown in Table 2, Cc were higher in term infants
compared to preterm infants, a finding that has been reported
previously by several other investigators [3, 241. It is also
unlikely that the increase in renal tubular reabsorption contrib-
utes to this effect because, in general, the proteins reabsorbed
by the proximal tubule are metabolized with virtually no return
of the filtered protein to the circulation [16—18]. These obser-
vations thus suggest that the increase in S2M concentration is
most likely due to an increased cellular production. This
conclusion is supported by the fact that the S2M concentration
increased in the presence of an increase in renal filtered load
and no change in the rate of urinary excretion. Previous reports
of the human neonate have suggested also that 532M concentra-
tions vary directly with CA [12, 14, 16]. The findings of
continuous rise in S,32M levels postnatally and the differences
between the preterm and term infants observed in this study
provide additional support for this hypothesis. The fact that the
slopes describing the changes in the S2M concentrations and
FE2M values between the first and the fourth day of life are
similar to those describing the changes in these variables as a
function of GA suggests that the increase in synthesis and renal
tubular reabsorption of /32M occurs at the same rate both during
intra- and extrauterine life.
The lack of correlation between SJ2M level and Ccr in our
study is distinctly different than the study reported recently by
VanAcker et a! for older children [25]. This discrepancy may be
attributed to the fact that f32M production is not constant in
children below age of 18 months [17, 26]. In VanAcker's study,
only children above the age of 18 months, in whom a constant
relationship between 5p2M and Cr can be expected, were
investigated. The use of CF5EDTA for the Cr determination in
VanAcker's study might be another possible explanation for the
discrepant findings between the two reports.
The observations of a higher FE2M in our infants below 34
weeks CA who had a lower FP2M than the term infants (Fig. 2)
demonstrate clearly a higher tubular reabsorptive capacity of
the protein in more mature infants [13, 15, 27]. The rapid fall in
FE2M from 33% in very premature infants at 32 weeks CA to a
value of 5% by CA of 36 weeks is most likely due to rapid
developmental maturation of the proximal tubular function,
indicating that renal tubular maturation for f32M lags behind
glomerular function and that glomerulotubular balance for f32M
occurs at about 35 weeks gestation. An increased FP2M cannot
explain the high FE$2M in our preterm infants because the
calculated amount of /32M filtered at the glomerulus was related
inversely to FE2M (Table 2), confirming the findings of Aperia
and Broberger [13, 14]. The lack of correlation between FEP2M
and V/Ce, in the present study suggests further that tubular
maturation for /32M may not be influenced by the changes in
urinary flow rate, an observation that is distinctly different than
the one reported by Engle and Arant [19].
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In summary, the present study supports the previous obser-
vation of an inverse relationship between the FE62M with CA for
infants less than 35 weeks gestation. The results of this study
support further that values for FE2M may not be influenced
greatly by the changes in urinary flow rate. Thus, FE2M can be
used as an index to assess renal tubular maturation in the
human neonate in the early days of life. The test is helpful
particularly in evaluating high-risk newborns in whom acute
tubular necrosis often results from poor renal perfusion second-
ary to asphyxia, sepsis, or hypovolemic shock.
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